Introduction
============

Nasopharyngeal carcinoma (NPC) is a common malignancy with remarkably distinctive ethnic and geographic distributions: it is highly prevalent in Southern China and Southeast Asia.[@b1-ott-8-169] Among head and neck cancers, most NPC cases are lowly differentiated or undifferentiated squamous cell carcinomas with a high tendency to metastasize to regional lymph nodes.[@b2-ott-8-169],[@b3-ott-8-169] In addition, early metastasis to the neck is common, with about 74.5% of patients presenting with regional lymph node metastasis at the time of diagnosis.[@b4-ott-8-169] Though NPC is sensitive to radiotherapy and/or chemotherapy, treatment failure remains high due to the development of local recurrence, lymph nodes, and distant metastasis.[@b5-ott-8-169]

Epithelial--mesenchymal transition (EMT) is an important process in tumor invasion and metastasis. It is defined by the loss of epithelial morphology and acquisition of a mesenchymal phenotype.[@b6-ott-8-169]--[@b8-ott-8-169] In the process of EMT, tumor cells escape from the primary site and invade the surrounding stroma, then enter blood or lymphatic vessels to establish new proliferating colonies. A significant hallmark of EMT is downregulation of the epithelial protein E-cadherin and upregulation of motile mesenchymal proteins such as vimentin.[@b9-ott-8-169],[@b10-ott-8-169] Moreover, E-cadherin or vimentin expression has been associated with metastatic dissemination and overall survival (OS) in some solid tumor types, including soft tissue leiomyosarcoma, non-small cell lung cancer, unknown primary cancers, and NPC.[@b11-ott-8-169]--[@b14-ott-8-169]

High-mobility group protein 2 (HMGA2), a non-histone nuclear-binding protein, is an important regulator of cell growth and differentiation that belongs to the HMGA protein family.[@b15-ott-8-169] It is an oncofetal protein overexpressed in embryonic tissues and many malignant neoplasms, including lung carcinoma, breast carcinoma, ovarian carcinoma, hepatocellular carcinoma, and malignant gliomas.[@b15-ott-8-169]--[@b19-ott-8-169] In several solid cancers, the expression levels of HMGA2 were shown to be positively correlated with tumor progression, metastasis, and poor prognosis.[@b15-ott-8-169],[@b20-ott-8-169]--[@b22-ott-8-169] However, studies assessing HMGA2 in NPC patients are scarce.

Although HMGA2 has also been found to play a critical role in EMT, inducing epithelial cancer invasion and metastasis,[@b23-ott-8-169],[@b24-ott-8-169] the interaction between expression levels of HMGA2 and EMT markers in NPC remains unclear. Therefore, this study aimed to assess the expression of HMGA2 and EMT-related markers in NPC tissues and analyze the association of HMGA2, E-cadherin, and vimentin with clinicopathological factors and patient OS.

Patients and methods
====================

Patients and specimens
----------------------

Paraffin-embedded biopsies of 124 primary NPC tissues and 20 non-tumoral inflammatory nasopharynx tissues were obtained retrospectively from the Affiliated Jiangsu Cancer Hospital, Nanjing Medical University between May 2006 and May 2011. Inclusion criteria were: 1) no radiotherapy or chemotherapy before biopsy; 2) histopathological diagnosis of NPC; 3) no distant metastasis; and 4) availability of original medical records data and complete follow-up data.

The subjects comprised 90 males and 34 females, with ages ranging from 18--74 years (median: 48 years). According to the TNM classification of Union for International Cancer Control (UICC, 2010), 44 and 80 patients presented with I--II and III--IVa--b disease stages, respectively. Among the 124 cases, 23 had lymph node or distant metastasis by imaging evaluation within 2 years after treatment. The follow-up ended in May 2014, with a median follow-up time of 50.5 months (range: 5--93 months).

This study was approved by the Ethics Committee of Jiangsu Cancer Hospital, the People's Republic of China.

Immunohistochemistry
--------------------

To assess the expression of HMGA2, E-cadherin, and vimentin, immunohistochemistry was performed according to the standard streptavidin peroxidase technique. Paraffin-embedded tissues were sectioned at 4 μm thickness, dewaxed, and rehydrated by routine techniques. All slides were subjected to the heat-induced antigen retrieval method using Tris (0.01 mmol/L, pH =6.0) buffer in a pressure cooker. Then, slides were placed in 3% hydrogen peroxide for 10 minutes to quench endogenous peroxidase. After rinsing thoroughly with phosphate-buffered saline (PBS) three times for 1 minute each, sections were further incubated with anti-HMGA2 rabbit polyclonal antibody (1:60; Abcam Ltd., Cambridge, UK), anti-E-cadherin mouse monoclonal antibody (1:120; Fuzhou Maixin Biotech, Inc., Fuzhou, People's Republic of China), and anti-vimentin mouse monoclonal antibody (1:100; Fuzhou Maixin Biotech, Inc., Fuzhou, People's Republic of China), respectively, overnight at 4°C. After washing in PBS, the sections were incubated with biotinylated secondary antibodies (Dako Denmark A/S, Glostrup, Denmark) for 30 minutes at room temperature, and stained with freshly prepared 3,3′-diaminobenzidine and light hematoxylin as counterstain. Known positive controls were included in every staining procedure. PBS was used to replace primary antibodies in the negative control.

Immunohistochemical evaluation
------------------------------

Tumor and normal tissues were histologically confirmed by hematoxylin and eosin staining. The diagnosis and immunostaining results were confirmed independently by two experienced pathologists who were blinded to the clinical data. In each case, four representative areas were selected and at least 400 tumor cells were observed at 400× magnification. The percentage of positive cells was evaluated according to the number of positive cells divided by all cancer cells under a microscope for four selected foci. The following proportion scale was adopted: 0, no positive tumor cells; 1, 1%--10% positive tumor cells; 2, 11%--50%; 3, 51%--100%. The stating intensity was interpreted by the presence of yellow- or brown-colored end product at the target antigen site. Intensity of staining (no staining, mild, moderate, and intense staining) was noted and graded as 0, 1, 2, or 3 points, respectively (0, no detectable signal; 1, mild staining --light yellow color; 2, moderate -- yellow color; 3, intense -- brown color). The final scores were obtained by multiplying the positive tumor grade by the tumor staining intensity score (0, 1, 2, 3, 4, 6, and 9). Final scores ≤4 and ≥6 were regarded as tumors with low and high expression, respectively.[@b13-ott-8-169]

Statistical analysis
--------------------

Statistical analysis was performed using SAS software (v9.2; SAS Institute Inc., Cary, NC, USA). The expression levels of HMGA-2, E-cadherin, and vimentin and the relationships between these markers and clinicopathological parameters were analyzed using the chi-square test. The correlations between HMGA-2, E-cadherin, and vimentin were assessed by Spearman's rank test. For survival data, Kaplan--Meier curves were generated, and statistical analysis was carried out using the log-rank test. OS was defined as the time elapsed between the beginning of radiotherapy and death from any cause or the last follow-up date. Cox regression was used for univariate analysis. Variables with prognostic value (*P*\<0.05) in univariate analysis were selected in the final multivariable Cox proportional hazards model, while variables significantly associated with others were excluded from the final multivariable Cox proportional hazards model. *P*\<0.05 was considered statistically significant, and all tests were two-sided.

Results
=======

Protein expression of HMGA2, E-cadherin, and vimentin in NPC and non-tumoral samples
------------------------------------------------------------------------------------

Immunohistochemical staining of HMGA2, E-cadherin, and vimentin was performed on 124 NPC samples and 20 non-tumoral inflammatory nasopharynx tissues. HMGA2 immunoreactivity was predominantly detected in the nuclei, although a weak cytoplasmic staining was observed. Among the 20 non-tumoral inflammatory nasopharynx tissues, no HMGA2 was detected; of the 124 NPC cases, 54 (43.55%) exhibited high HMGA2 expression ([Figures 1A and D](#f1-ott-8-169){ref-type="fig"}), indicating significant differences between the two groups (*χ*^2^=16.121, *P*\<0.001). Diffuse membrane staining for E-cadherin was detected in cancer cells ([Figures 1B and E](#f1-ott-8-169){ref-type="fig"}) and non-tumoral inflammatory nasopharynx tissues. High E-cadherin expression was obtained in 54/124 (43.55%) and 15/20 (75.00%) of NPC samples ([Figures 1B and E](#f1-ott-8-169){ref-type="fig"}) and non-tumoral inflammatory nasopharynx tissues, respectively (*χ*^2^=6.826, *P*\<0.009). Vimentin was mainly localized in the membranes and/or cytoplasm ([Figures 1C and F](#f1-ott-8-169){ref-type="fig"}). High vimentin expression was observed in 78/124 (62.90%) NPC specimens ([Figures 1C and F](#f1-ott-8-169){ref-type="fig"}), whereas no non-tumoral inflammatory nasopharynx tissues (0/20) expressed this protein (*χ*^2^=27.449, *P*\<0.0001). See supplementary material ([Figure S1](#SD1-ott-8-169){ref-type="supplementary-material"}) for the corresponding HE staining of [Figure 1](#f1-ott-8-169){ref-type="fig"}.

Correlation of HMGA2, E-cadherin, and vimentin expression with clinicopathological features
-------------------------------------------------------------------------------------------

The clinicopathological characteristics of the patients are summarized in [Table 1](#t1-ott-8-169){ref-type="table"}. Immunohistochemical analyses of NPC tissues showed that HMGA2 protein expression correlated significantly with tumor N stage, TNM stage, and 2-year metastasis status (*P*=0.008, 0.026, and \<0.001, respectively); meanwhile, no significant correlation was observed with patient sex, age, histologic type, and T stage (*P*\<0.05). Similarly, E-cadherin and vimentin expression levels were closely correlated with N stage, TNM stage, and 2-year metastasis status ([Table 1](#t1-ott-8-169){ref-type="table"}). To assess the association between the expression levels of HMGA2, E-cadherin, and vimentin, Spearman's correlation analysis was used. Interestingly, high vimentin expression levels were correlated with decreased E-cadherin expression (*r*=−0.605, *P*\<0.001) in NPC tissues. Furthermore, HMGA2 expression was positively correlated with vimentin levels (*r*=0.431, *P*\<0.001) and negatively correlated with E-cadherin amounts (*r*=−0.413, *P*\<0.001) in NPC.

Univariate and multivariate analyses of prognostic factors
----------------------------------------------------------

Kaplan--Meier analysis was used to determine the prognostic value of HMGA2 and EMT-related proteins. Of the 124 NPC patients, a cumulative 3-year survival rate of 78.8% (95% confidence interval \[CI\]: 0.708--0.852) was obtained. Interestingly, the cumulative 3-year survival rate was 90.8% (95% CI: 0.806--0.957) in the low HMGA2 group, and only 66.1% (95% CI: 0.525--0.766) in the high-expression group ([Figure 2B](#f2-ott-8-169){ref-type="fig"}). In addition, a cumulative 3-year survival rate of 89.1% (95% CI: 0.757--0.953) was obtained in the low vimentin group, whereas only 71.8% (95% CI: 0.604--0.804) of patients survived in the high-expression group ([Figure 2C](#f2-ott-8-169){ref-type="fig"}). In the high E-cadherin expression group, a cumulative 3-year survival rate of 88.8% (95% CI: 0.768--0.948) was obtained, with only 70.0% (95% CI: 0.578--0.792) in the low-expression group ([Figure 2D](#f2-ott-8-169){ref-type="fig"}). A univariate analysis showed significant correlations for T stage (*P*=0.01), N stage (*P*\<0.001), TNM stage (*P*=0.003), HMGA2 (*P*=0.002), E-cadherin (*P*=0.014), and vimentin (*P*=0.013) with a poor survival prognosis. In multivariate analysis of significant factors, only N stage (hazard ratio \[HR\]: 7.892, 95% CI: 2.731--22.807, *P*\<0.001) and HMGA-2 (HR: 2.683, 95% CI: 1.185--6.077, *P*=0.018) were independently associated with OS ([Table 2](#t2-ott-8-169){ref-type="table"}).

Discussion
==========

In the present study, we demonstrated that HMGA2 and EMT-related markers are differentially expressed between NPC and non-tumoral tissues. Additionally, we found in NPC tissues, for the first time, a significant association between protein expression of HMGA2 and EMT indicators, and these proteins were closely linked with cancer progression and metastasis. Moreover, our results indicated that HMGA2 expression is an independent prognostic indicator for OS in NPC.

Previous studies have revealed that HMGA2 is expressed mainly in the early embryo and suppressed in human adult tissues. In addition, elevated expression of HMGA2 has been observed in a variety of cancers.[@b23-ott-8-169],[@b25-ott-8-169] In agreement with these reports, we found that HMGA2 expression is higher in NPC compared with non-tumorous tissues. The differential expression of HMGA2 and EMT-related proteins between non-tumorous and NPC tissues suggest a potential role for HMGA2 and EMT-related proteins in NPC carcinogenesis. These findings are consistent with previous studies described in other carcinomas and non-tumorous tissues or tumor cell lines.[@b26-ott-8-169],[@b27-ott-8-169]

It is generally accepted that reduced E-cadherin expression coupled with increased vimentin expression is characteristic of EMT.[@b7-ott-8-169],[@b28-ott-8-169] Recent studies have demonstrated that ectopic expression of HMGA2 in epithelial cells induces EMT, which has been implicated in the acquisition of metastatic properties in tumor cells.[@b29-ott-8-169]--[@b33-ott-8-169] For instance, Zha et al showed that in gastric cancer, HMGA2 overexpression induces protein changes consistent with EMT and enhanced epithelial cell invasion and migration both in vitro and in vivo.[@b30-ott-8-169] Similarly, Wu et al found that HMGA2 silencing in ovarian cancer cell lines partially suppressed the aggressiveness of tumor cells, and caused changes in the expression of several EMT-associated genes, including vimentin and E-cadherin.[@b31-ott-8-169] In NPC specimens, for the first time, the present results demonstrated that high HMGA2 expression is significantly and positively associated with vimentin amounts and negatively with E-cadherin levels. This finding corroborated with previous evidence supporting the potential role of HMGA2 in EMT, which is associated with vimentin expression and E-cadherin absence in NPC patients. In addition, the previous study has demonstrated that expressions of HMGA2, E-cadherin, and vimentin are correlated with T stage and bladder cancer recurrence.[@b29-ott-8-169] A relevant finding in the present study is that HMGA2, E-cadherin, and vimentin expression levels were all significantly correlated with various aggressive behaviors, including N stage, TNM stage, and 2-year metastasis status in NPC. This finding suggests that the biomarkers may have important roles in the development and metastasis of NPC. However, no association was found with T stage. These discrepancies between the present study and the previous study might have resulted from the different antibodies used, varying staining evaluation methods, and the different biological functions of HMGA2 in various carcinomas.

Finally, a significant association between HMGA2 expression and poor prognosis has been reported in various tumor types.[@b34-ott-8-169],[@b35-ott-8-169] In agreement with these findings, our results provide evidence that HMGA2 might be considered a valuable prognostic biomarker in NPC. Currently, high expression of cytoplasmic E-cadherin and nuclear vimentin are considered independent prognostic factors for poor survival of NPC patients.[@b13-ott-8-169] However, we only found HMGA2 expression and N stage as independent predictors of poor prognosis by multivariate analyses. These variations may be due to the different study populations evaluated and various clinical data quality. Additionally, another report suggested that the molecular mechanism of HMGA2 possibly involves the activation of the TGFβ signaling pathway in epithelial carcinomas.[@b23-ott-8-169] In addition, it was shown that the genes making up the HMGA2--TET1--HOXA9 pathway are coordinately regulated in breast cancer, and together encompass a prognostic signature for patient survival.[@b36-ott-8-169] Future studies should determine the molecular mechanism by which HMGA2 induces progression and metastasis in NPC cell lines.

In summary, our results suggested that HMGA2 and EMT protein expression levels are associated with progression and metastasis of NPC. HMGA2 may promote metastasis through EMT in NPC patients and be used as a prognostic indicator. These protein markers may have significant effects on targeted therapy; however, larger prospective studies are required to further validate these findings.

Supplementary material
======================

###### 

Nasopharyngeal carcinoma specimens by HE staining.

**Notes:** Representative HE staining images for samples in (**A**) nasopharyngeal squamous cell carcinoma (high expression of HMGA2), (**B**) nasopharyngeal squamous cell carcinoma (high expression of E-cadherin), (**C**) nasopharyngeal squamous cell carcinoma (high expression of vimentin), (**D**) nasopharyngeal squamous cell carcinoma (low expression of HMGA2), (**E**) nasopharyngeal squamous cell carcinoma (low expression of E-cadherin), (**F**) nasopharyngeal squamous cell carcinoma (low expression of vimentin). All images, 400×.

**Abbreviations:** HMGA2, high-mobility group protein 2; HE, hematoxylin and eosin.
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![Immunohistochemistry staining for HMGA2, E-cadherin, and vimentin in human nasopharyngeal carcinoma specimens.\
**Notes:** Representative images show (**A**) high expression of HMGA2 (brown granules, mainly in the nuclei, ↑), (**B**) high expression of E-cadherin (brown granules, mainly in the cell membranes, ↑) and (**C**) high expression of vimentin (brown granules, mainly in the NPC cells membranes and cytoplasm, ↑) in tumor cells. Representative images show (**D**) low expression of HMGA2 (light yellow granules, mainly in the nuclei, ↑), (**E)** low expression of E-cadherin (light yellow granules, mainly in the cell membranes, ↑) and (**F**) low expression of vimentin (no staining in the NPC cells, ↑), and high expression of vimentin in mesenchymal cells. All images, 400×.\
**Abbreviations:** HMGA2, high-mobility group protein 2; NPC, nasopharyngeal carcinoma.](ott-8-169Fig1){#f1-ott-8-169}

![(**A**) Kaplan--Meier survival curves of overall survival in 124 patients with NPC and overall survival curves based on (**B**) HMGA2, (**C**) vimentin, and (**D**) E-cadherin expression levels.\
**Note:** *P*-values were calculated by the log-rank test.\
**Abbreviations:** HMGA2, high-mobility group protein 2; NPC, nasopharyngeal carcinoma.](ott-8-169Fig2){#f2-ott-8-169}

###### 

Relationship between clinicopathological features and immunostaining results

  Clinical parameter                                     n     HMGA2   Vimentin   E-cadherin                                
  ------------------------------------------------------ ----- ------- ---------- ------------ ---- ---- -------- ---- ---- -------
  Sex                                                                                                                       
    Male                                                 90    40      50                      57   33            37   53   
    Female                                               34    19      15         0.255        21   13   0.872    17   17   0.373
  Age (years)                                                                                                               
    \<50                                                 69    30      39                      46   23            28   41   
    ≥50                                                  55    29      26         0.306        32   23   0.331    26   29   0.455
  Histologic type                                                                                                           
   NKC                                                   11    4       7                       8    3             5    6    
   KSCC                                                  113   63      50         0.218        70   43   0.480    39   74   0.469
  T stage                                                                                                                   
   T1--2                                                 68    28      40                      40   28            31   37   
   T3--4                                                 56    31      25         0.116        38   18   0.300    23   33   0.614
  N stage                                                                                                                   
   N0--1                                                 66    24      42                      35   31            35   31   
   N2--3                                                 58    35      23         0.008        43   15   0.015    19   39   0.023
  TNM stage                                                                                                                 
   I--II                                                 44    15      29                      20   24            27   17   
   III--IV                                               80    44      36         0.026        58   22   0.003    27   53   0.003
  Metastasis[\*](#tfn1-ott-8-169){ref-type="table-fn"}                                                                      
   No                                                    101   38      63                      56   45            49   52   
   Yes                                                   23    21      2          0.0001       22   1    0.0003   5    18   0.019

**Note:**

Metastasis: within 2 years after treatment.

**Abbreviations:** HMGA2, high-mobility group protein 2; NKC, non-keratinizing carcinoma; KSCC, keratinizing squamous cell carcinoma.

###### 

Univariate and multivariate Cox regression analysis of overall survival in NPC patients

  Parameters          Univariate analysis   Multivariate analysis                                     
  ------------------- --------------------- ----------------------- --------- ------- --------------- ---------
  Sex                                                                                                 
   Male vs female     1.161                 0.532--2.536            0.707     --      --              --
  Age (years)                                                                                         
   \<50 vs ≥50        0.989                 0.961--1.017            0.427     --      --              --
  Histologic type                                                                                     
   NKC vs KSCC        1.642                 0.482--2.439            0.641     --      --              --
  T stage                                                                                             
   T1--2 vs T3--4     2.708                 1.267--5.786            0.010     --      --              --
  N stage                                                                                             
   N0--1 vs N2--3     9.260                 3.228--26.563           \<0.001   7.892   2.731--22.807   \<0.001
  TNM stage                                                                                           
   I--II vs III--IV   9.086                 2.164--38.153           0.003     --      --              --
  HMGA2                                                                                               
   Low vs high        3.596                 1.598--8.092            0.002     2.683   1.185--6.077    0.018
  Vimentin                                                                                            
   Low vs high        3.364                 1.287--8.793            0.013     --      --              --
  E-cadherin                                                                                          
   Low vs high        0.344                 0.147--0.802            0.014     --      --              --

**Abbreviations:** CI, confidence interval; HMGA2, high-mobility group protein 2; HR, hazard ratio; NPC, nasopharyngeal carcinoma; NKC, non-keratinizing carcinoma; KSCC, keratinizing squamous cell carcinoma.
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